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ABSTRACT 
P hos pholipase A acti vity has been demonstrated in cow snout epidermis . The activi ty 
was higher in the upper layers of the epidermis . The enzy me has been purified by pre-
pa rin g a queous extracts of acetone powders obta ined from epidermal homogenates . The 
most active preparation gave a pH opt imum of 8.3 for t he release of free fat ty acids from 
phosphatidyl choline . 
P hospholipases, which ca talyse the hydrolys is 
of diacyl phosphoglycerid es in to their monoacyl 
analogs (l yso compounds), are widely distributed 
in na ture. A phosphatide acylh ydrolase of unde-
fin ed posit ional spec ifi city is termed a phospholi-
pase A whereas phospholipases which hydrolyse 
Specifically the acy l grOUpS linked tO the C 1 Or C2 
hydroxyls of th e glycerol moiety are t ermed phos-
pholipase A 1 a nd A2 respectively . 
The phos pholipases are found in hi ghes t con-
cent ration in snake venoms, ext racts of higher 
plan ts, a nd bacterial toxins, but it is now evident 
that they occur widely in ma mmalia n tissues a nd 
in bacteria and probably play a s ignificant role in 
the metabolis m of phospholipids in Jiving orga-
nisms (1) . In mamma lia n t issues wide va riat ions 
in phospholi pase A act ivi ty ex ist between pan -
creas a nd sma ll in test ine which a re highly active 
a nd testi s, ·pleen, lung a nd liver which are only 
moderat ely active (2). Bra in homogenates conta in 
both ph ospholipase A, a nd A2 activity (3), a nd 
subcell ular fracti onation of ra t I iver homogenates 
showed that the phospholipase A, activity was 
mainly located in the microsomes, phospholipase 
A2 in the mi tochondria a nd lysophospholipase 
acti vity in the soluble fraction (4). 
In this pap er, phospholipase A activi ty has 
been de monstrated in th e epidermis of the cow 
snout. 
MATERIALS AND M ETHODS 
Thin Layer Chromatography 
Lipid samples were always a pplied to the plates 
under an atmosphere of ni t rogen. Standard (20 x 20 
em) plates were used in all experiments . 
Sc intillation Counting of Radioactive Samples 
T he sc in t illation fluid was a solu t ion or 10 g of 2-(4-
tert- bu ty l ph enyl)- 5- (4- bi phenyl)- 1 ,3,4- oxadiazole 
(bu ty l-PBD, BDH, England) in a nalyt ical grade toluene 
(1 litre). The fluid (10 ml) was added to each sample 
and the radioactiviti es were determined either by a n 
IDL scin t illat ion counter or by a Pac kard Tri -Carb 
liquid sc intillation spectrometer (Model 527). 
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Preparation of (1- •·•C) Oleoyl Phosphatidy l Ch o-
line 
The method of preparation of t he " C-labeled phos-
pholipid described below was essentia lly that of Gurr et 
al ., (5). 
Culture of Chlorella vulgaris . An aga r slope cul t ure 
of Chiarella vulgaris (suppli ed by Dr. M . I. Gurr, Uni-
lever Research Laboratory, Colworth House, Bedfor d , 
England) was used to inocula te Roux bottles conta ining 
100 mi. of the sterile ri ch medium prepared as described 
in th e pa per of Harris et al ., (6). Th e cul tures were 
grown a t 30° under cont inuous illuminat ion from 2 x 
40W white fluoresce nt tubes . 
Labeling the lipids of Chlorella with (I -• ·•C) oleic 
acid. A 4-day cul ture of Chlorella was harves ted by cen-
trifugati on a nd washed by resuspendin g in 0.2 M phos-
phate buffer pH 7.4 which had been previously gassed 
wi th nitrogen to remove dissolved oxygen. The cells 
were resuspended in some fresh de-oxygenated phos -
phate buffer (a pproximately 200 ml) and the suspension 
was incubated in the da rk at 37° fo r 3 hours a nd gassed 
cont inuously wi th a steady st rea m of ni t rogen. At the 
end or this period (1- " C) oleic ac id (50 11c, Radiochem-
ical Cent re, Am ersha m) was converted to th e ammo-
nium sa lt, dissolved in water (1 ml) and added to t he 
cell suspension which was incubated for a further 4''o 
hours in the dark and under a n a tmosphere of nitrogen . 
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Extraction of the lipids from Chlorella. The cell 
were ha rvested, in the dark, by cent rifugation a nd th e 
lipids ext racted by sha king ove rnight with chlorofo rm-
metha nol (2 : 1 v/v ; 140 ml) a nd in the presence of n i-
t rogen. The cell suspension was filtered through a 
cotton-wool plug a nd the chloroform -methanol ext ract 1 
washed by ext ract ion with a n equal volume of 1% 
aqueous NaCI. Th e lower organic layer conta inin g the 
lipids was rotary evaporated under nitrogen. Acetone 
was added to the res idue and the res idua l water wa 
re moved by rota ry evapora tion under nitrogen. T he 
dr ied res idue was dissolved in chloroform . 
Fractionation of the lipid extract on a DEAE-cellu -
lose column. Th e tota l lipid extract in chloroform was 
applied to a column (23 x 2.5 em) of DEAE-cellulose ' 
(Macherey-Nagel & Co., Germa ny) in the ace tate form. 
Th e column was elu ted in a stepwise ma nner with 
freshly re-dist illed chloroform (400 ml) to remove the , 
neutral lipids, with 1% MeOH in CHCI, (400 ml) to ' 
remove t he monoga lac tosyl di glyceride and fina lly 5% 
MeOH in CHCI, to remove phosphat idyl choline, phos-
phat idyl glyce rol and di galactosy l cli glyceride. Aliquot 
(0.5 ml) of the column frac tions (10 ml) were scanned 
for radioactivity by pla nchet coun t ing. Th e rad iochem-
ica l puri ty of the fractions from the 5% MeOH in CH CI, 
elua te was chec ked by thin layer chromatogra phy on 
silica gel G (0.25 mm) using CH CI, : MeOH: CH ,COOH: 
H ,O (85 : 15 : 10 :3 by volume) as the solvent system. 
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After autoradiogra phy, the plates were sta in ed with 
iodin e vapor. The fractions which gave a sin gle spot on 
t he a utoradiogra phs corresponding in Rf to that of sta nd-
a rd phosphatidy l choline (Sigma, London) a nd a single 
spot wi th iodin e vapor, were bulked a nd concent rated by 
rotary evaporation under ni t rogen a nd taken up in 
CHCl ,: MeOH (2:1 v/v; 100 ml). T his was the stock 
, solu tion of "C- labe ll ed phosphatidyl choline whi ch was 
used in subsequent experiments. The phosphatidyl cho-
line was eluted from the DEAE-cellulose column in the 
first 300 ml of the 5% MeOH in CHCl, eluate. In the 
latter portion of this eluate an additional s pot a ppeared 
.. 
on the thin layer chromatogra ph which had a n Rf corre-
sponding to that of phosphatidy l· glycerol a nd d igalac:-
tosyl diglyceride. 
Characterization of the Lab eled Phosphatidyl 
Choline 
Fatty acid composition. Phosphatidyl choline (about 
75 p.g) was dissolved in MeOH : H 2SO, (95: 5 v/v; 3 ml), 
gassed with nitrogen and heated at 70° for 2 hours . Dis-
t illed water (1 ml) was added a nd the methyl esters of 
t he fatty ac ids were extracted by shaking three t imes 
with re-distilled hexane (3 ml). T he tota l hexane extract 
was washed with water a nd dri ed over a nhydrous so-
dium sulphate. T he methyl es ters were a nalyzed using a 
Pye 'seri es 104 ' inst rum ent equipped with a fla me ioni -
zation detec to r and a 2m column packed with 10% poly-
ethylene glycol adipate workin g at a temperature of 
185 ° . Reference sta ndards of fatty ac id methyl esters 
were supplied by Sigma. London . 
Distribution of radioactiv ity by degradation with 
phospholipase A . •·•C-labeled phospha tidyl choline 
about 150 p.g) was dissolved in diethyl ether (0.9 ml) a nd 
0.1 mg of phospholipase A (Crota lus a dama nteus, 
Sigma, London) was added in 0.1 ml of borate buffer 
pH 7.0 containing 0.0025 M ca lcium acetate. T he mix-
t ure was gassed with nitrogen and sha ken vigorously at 
room temperature (about 20°) for a pprox imately 1 hour 
until the phospholipid was completely degraded (see 
below) . The in-cubation mixture was taken down to dry-
ness under ni t rogen using additions of metha nol to as-
sist the removal of water a nd then taken up in CH Cl, : 
MeOH (2: 1 v/v). T he lipids were applied to a thin layer 
plate of silica gel G (0.5 mm), sepa ra ted in CHCI,: 
MeOH: H 20 (65 : 25 : 4 v/v/v) a nd located by sp ray ing 
with rhodamine 6G (0.01 %) a nd visuali zing with a U.V. 
lamp. T he s pots which corres ponded in Rf with those of 
t h e reference oleic ac id , phosphat idyl choline and lyso-
phosphatidyl choline (Sigma, London) were scra ped into 
scintilla tion via ls and counted . 
The radioactivity in the undegraded phosphat idy l 
choline accounted for less than 2% of the total recovered 
radioactivity indicat ing that the phospholi pid had been 
a lmost co mpl etely degraded . T he radioactivi t ies of the 
fatty ac id a nd lyso phosphatidyl choline fractions were 
corrected to allow for the small amoun t that was not 
degraded . 
Distribution of radioactivity among the fat ty acids of 
phosphatidyl choline. (a) By thin layer chromatog-
raphy on silver nitrate plates: A sa mpl e of the phospha-
ti dyl choline was t ransesterifi ed, as described above, 
a nd the methyl esters of the latty ac ids were sepa rated 
accordin g to their degree of unsaturation on thin layer 
plates of silica gel G (0.5 mm) , conta ining silver ni trate. 
The plates were made from a slurry of s ilica gel G in a 
10% aqueous solu t ion of silver nitrate, activated for 1 \/" 
hours at 120° a nd developed in li ght petroleum (boiling 
point range, 110- 120°) conta ining diethyl ether (20% by 
vol). The spots were located by spraying with a n 
aqueous solu t ion of rhoda mine 6G (0.01 %) a nd visua l-
izing with .a U. V. la mp. The areas of silica gel con-
tain ing t he spots were sc raped into scin t illation via ls 
a nd the radioactivity determined. The sepa rat ion was 
checked by chromatography of a mixture of methyl es-
ters of stea ric, pa lmi tic, oleic, linoleic, linolenic and 
arachidoni c acid (suppli ed by Sigma, London) on the 
sa me thin layer plate. T he spots were visuali zed with 
rhodamine a nd the areas of silica gel scra ped in to water 
(3 ml) which was extracted t wice wi th hexane (3 ml). 
T he tota l hexane extracts were washed with water (3 
ml) , dri ed over anhydrous sodium sulphate a nd the 
methyl esters of the fatty acids from the standa rd mix-
tu re were ident ified by gas-liquid chromatography (see 
above) . 
(b) By radio-gas chromatography : Methyl esters of the 
fatty ac ids obtained by t ranseste ri ficat ion of a sa mple of 
phosphatidy l cholin e were sepa rated by gas liquid cluo-
matography on a Pye 'seri es 104' as described above. A 
portion of the efflu ent from the column was directed via 
a heated metal tub e onto a strip of silica gel t reated 
paper (Whatma n SG81) which was drawn by the cha rt 
recorder over a cooled block of meta l. The a reas of 
paper corres pondin g to fatty ac id pea ks on the cha rt 
recorder were cut in to pieces, placed in sc in t illation 
via ls and the radioactivity determ ined (7). 
The effi ciency of t rapping of the radioact ivi ty by the 
s ilica gel paper was 28% a nd the resul ts were reproduc-
ible. There was a linea r relationship between the re-
covered rad ioactivi ty and the rad ioactivi ty a pplied to 
the colu mn . 
Solubilization of •·•C-Labeled Phospha tidyl Cho-
line for Incubation Experiments 
For each incubation an aliquot of the stoc k solu t ion of 
phosphatidyl cholin e was evaporated to dryness, dis-
solved in one volume of diethyl ether and two volu mes 
of t he appropriate steril e solution of buffer were added. 
The two phases were mixed continuously on a rotamixer 
and the ether phase slowly removed with a stream of 
ni t rogen . In some experiments, the resul tant clear solu -
t ion was cooled in a n ice-salt water bath and sonicated 
on a Dawe Soniprobe Type 1130, (Dawe Instrument 
Ltd.) (setting 4, 2 a mp.) for a few minutes. The olu tion 
was centrifuged to remove a ny traces of probe metal 
and the supernatant used for the in cubation experi-
ments. 
Preparation and Incubation of Homogenates of 
Epidermis from the Cow Snout 
Cow snouts were obta ined immed iate ly after slaugh-
te r, washed with water an d the epidermis we re removed 
by ta king two slices (each of 0.5 mm . thickness) usi ng a 
Castroviejo keratotome (John Weiss and Son , Wigmore 
Street, London W.l.). Pieces of tota l epiderm is were 
ground with the a ppropriate buffer solution in glass 
t issue grinders whi ch were cooled in an ice-water bath. 
Th e homogenates were then added to the solu tions of 
radioactive phosphat idy l choline in the approp riate 
buffer, gassed with nitrogen, a nd incubated at 37° for 
up to 4 hou rs on a sha ker. 
Extraction of Lipids from Incubation Mix tures 
The lipids were extracted by sha king vigorously the 
aqueous solutions with four volu mes of chloroform-
methanol (2 : 1· v/ v). After centrifugation, the upper 
aqueous layers were discarded a nd methanol was added 
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until the skin debris could be removed by cent rifuga-
tion . The supernatants were removed and taken to dry-
ness t hree t imes using chloroform -methanol (2: 1 v/v) to 
ensure cleavage of the proteo-lipids. The residues were 
redissolved in chloroform -methanol (2: 1 v/v) and the 
extracts of lipids washed by the method of Folch, Lees 
and Sloane-Stanley (8). The washed extracts were dried 
over anhydrous sodiu m sulphate. 
Separation of the Lipids 
The total lipid extracts were appli ed under ni t rogen 
to a thin layer (0.25 mm) plate (20 x 20 em) of silica gel 
G (M erck A. G., Darmstadt, Germany) which had been 
ac itvated at 110° for 30 minutes. The plates were devel-
oped either with light pet roleum (boiling point range 
30°-40°)-diethyl ether-glacial acetic ac id (80: 20 : 1 v/v/v) 
or with chloroform -methanol-water (65: 25: 4) . After 
d ry ing and exposing to X-ray film for 2- 4 days, the 
plates were sprayed wi th an aqueous soluti on of rhoda-
mine 6 G(0.01 %) and the appropriat e reference com-
pounds were located with an ultra-violet lamp. The 
a reas of silica gel conta ining the radioact ive spots were 
scraped into scin t illa tion vials, and the radi oactivity 
determined (see above) . 
Distribution of Phos pholipase A ctivity in the 
Epidermis 
Six slices (0.2 mm . thickness) of cow snout epidermis 
were taken wi th a keratotome, weighed and ground sep-
a rate ly wi t h 0.1 M borate buffer pH 7 conta ining 0.0025 
M calcium acetate in glass t issue grinders which were 
cooled in ice-water. The homogenates were added to 
aliquots of the radioactive phosphatidyl choline ( 109 
nmole, 138,000 c/100s) which were dissolved in the Ca-
bora te buffer, gassed wi th ni t rogen and incubated on a 
shaker at 37° for 4 hours. The lipids were ext racted and 
separated as described above. 
The phospholipid content of each slice of epidermis 
was det ermin ed by a modification of the method of 
Ernester et al. (9) described in a previous paper (10). 
Purification of the Enzym e 
Preparation of an acetone powder. Total epidermis (2 
x 0.5 mm . thick sli ces) was ta ken from 5- 6 cow snouts 
with a keratotome, frozen immedia tely and weighed. 
The frozen skin was cut into small slices which were 
added to 10 ml of cold acetone ( - 15°) and homogenized 
for 10 minutes in a Buhler homogenizer (Edmund 
Buhler, Tubin gen, Germany) at a te mperature which 
was not allowed to ri se above - 5°. The homogenate was 
homogeni zed for a further l O minutes wi th 10 volumes 
of cold acetone ( - 15°), cent rifuged at 500 g for 15 mi.n-
utes and the supernatant discarded . The residue was 
returned to the blender and homogeni zed for a furt her 
10 minutes with 10 volumes of butan -1-ol ( - 15°), cen-
trifuged at 500 g for 15 minutes and the supernatant 
discarded. The residue was resuspended in 10 volumes 
of fresh acetone, cent rifuged at 500 g for 15 minutes and 
th e resultant residue was mixed wi th 5 volumes of dry 
peroxide free diethyl ether and allowed to stand at room 
temperature for 15 minutes with occasional stirrin g. 
After cent rifugat ion (500 g 15 minutes) the residue was 
spread around the sides of the centrifuge tube and dried 
quickly by repeated evacuations in a vacuum desiccator. 
The grey powder was stored in a vacuum desiccator at 
- 20°. 
Preparation of active extract from the acetone 
powder. (a) Sodium chloride extract: Acetone powder 
(0.5 g) was stirred for 1 hour with 0.9% sodium chloride 
(10 ml) which was cooled in ice and water. The suspen -
sion was cent rifuged (100,000 g ·1 hour) at 0° and the 
supernatan t was tested for enzy me act ivity. 
(b) Glycerol-b icarbonate extrac t: Acetone powder (0.5 
g) was ground a t oo in a glass tissue grinder with 50% 
aqueous glycerol (5 ml) fo r 15 minutes, 1% aqueous so-
dium bi carbonate solu t ion (5 ml) was added and t he 
mixture ground for a further 15 minutes . The homoge-
nate was centri fuged (12, 000 g 15 minutes) at 0° and t h e 
supernatan t was tested for enzy me activity. 
Further purification of glycerol-bicarbonate extract . 
(a) By dialysis: The supernatant (from above) was dia- ' 
lysed against 5 volumes of cold 0.5 mM calcium acetate 
solution (0-5°) which was changed hourly four t imes 
and then the dialysis was cont inued for 20 hours usin g , 
20 volum es of cold calcium acetate solut ion. The cloudy 
dia lysate was cent rifuged (5,000 g 10 minutes) at oo and 
the supernatant tested for en zy me activity. 
(b) Acid-heat treatm ent: The supernatant from the 
dialys is was adjusted to pH 4 with dilu te hydrochloric 
ac id, hea ted a t 75° for 5 minu tes and rapidly cooled to 
roo m temperature in an ice-water bath. The solut ion 
was dil tered through a No. 5 sin te red glass fil te r and 
tested for enzy me activity . A port ion of this solut ion 
was freeze dri ed, redissolved in 0.9% sodium chloride 
and tested for enzyme activi ty. 
RESULTS 
Composition of "C-Phosphatidy l Choline from 
Chlorella vulgaris 
The chemica l a nd ra dioch emica l compos it ion 
of t he purifi ed "C- phosphatidy l choline prepa red 
from chlorella vul garis are sh own in T a bles Ia a n d 
lb . The phos pholipid was hi ghly unsaturated con-
taining a la rge pro po rtion of linoleic ac id , but t h e 
major r adioac tive compound was (1- "C) -oleoyl 
phospha tidy l choline because 92% of the ra dioac-
tivi ty was pres en t in th e o le ic a c id (T a ble Ia). T h e 
radioactivi ty was loca ted only in the fa tty acids of 
the phospha tidy l ch oline a nd 35% of the activ ity 
was presen t in the fatty acids esterified to t he Cl 
hydroxy l a nd 65% in those esteri f ied to C2 hy-
droxy l. 
TABLE Ia 
Composition of "C-phosphatidy l choline from Cblorella 
vulgaris 
Fatt y ocid 
F~tly ac id com posit ion RndioacLivity % of tota l 
%of total 
14:0 1.0 0.0 
16 :0 15.6 0.0 
16: 1 3.3 0.0 
16:2 3.9 0.0 
0.9 0.0 
18 :0 6.3 0.7 
18 :1 15.3 92.3 
18:2 37.6 6.2 
18 :3 8.3 0.0 
7.8 0.8 
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TABLE Ib 
Distribution of radioactivity in fatty acid classes of "C-
phosphatidy l choline 
Number of doubl e 
Bonds in fa tty 
ac id frnction 
0 
1 
2 
Others 
Rad ioactivity 
% of total 
0.0 
91.5 
6.0 
2.5 
Incubation of Epidermal Homogenates with 14 C-
. Phosphatidyl Choline 
When total epidermal homogenates were incu-
bated with the 14 C-phosphatidyl choline which 
was solubilized by sonication and t he lipids ex-
t racted a nd sepa rated by thin layer chromatogra-
ph y, 19% of the radioactivity was recovered in the 
free fatty acids (Table II) . Sonication had no ef-
fect on the substrate and the release of free fatty 
aci d s was prevented by boiling the homogenate 
before incubation . Free fatty acids (20% of the 
recovered radioactivity) were a lso released from 
14 C-phosphatidyl choline which had not been son-
icated , indicat ing that the concentration of phos-
pholipid was so low t hat it could dissolve in the 
buffer without sonication and that the solubilized 
for m could be hydrolyzed by the enzyme. Only a 
small a m oun t of radioact ivi ty could be detected 
in t he lysophosphatidyl choline produced (Table 
Ill). The additi on of the antibiotics, streptomycin 
sulphate and benzy lpenicillin to the buffer did 
not affect the release of free fatty acids from the 
14C-phosphatidyl choline by t he homogenates. 
Distribution of Phospholipase Activity in the 
Epidermis 
The distribution of phospholipase activity in 
the epidermis was determined by taking hori-
zontal slices through the epidermis with a kerato-
tome and, afte r homogenizat ion , incubat ing t hem 
with the 14 C-phosphatidyl choline. The phospholi -
pase activity was higher in the upper layers of the 
epidermis (Table IV) . 
Purification of the Enzyme 
In order to isolate the enzyme activity from the 
epidermis, an acetone powder was prepared from 
an epidermal homogenate. The enzyme activity 
was extracted from the acetone powder with so-
dium chloride solution or with a mixture of 
aqueous sodium bica rbonate a nd glycerol. Both 
methods of extraction gave solutions which 
showed enzyme activity especially at pH 8.7 and 
in the presence of sodium deoxycholate at a final 
concentration of 2 mg/ml of incubation mixture. 
A sodium chloride extract of an acetone powder 
was tested for phospholipase activity in a glycyl-
glyc ine buffer and in a calcium borate buffer 
(Table V). The release of free fatty acids was simi-
TABLE II 
Phospholipase A activity of total epidermal 
homogenates 
Radioactivity(% of tota l) 
Controls 
Lipid fracti on Sonicated Non-soni- Son icated 
PC + catcd PC + PC + Sonicated 
homogcnn te homogenate boiled PC + 
homog- buffer 
enate 
Fatty Ac id 19.0 20.6 0.5 0.4 
Sterol? 1.3 0.5 0.1 0.1 
Sterol? 0.5 0.4 0.1 0.1 
Diglyceride? 2.7 1.4 0.6 0.2 
Phospholipid 76.5 77.1 98.7 99.2 
Total epidermis (200 mg.) was homogenised and in-
cubated at 37° fo r 4 hours with 1 'C-phosphatidyl cho-
line (PC; 85 nmole, 150,000 c/100s) in 0.1 M borate 
buffe r pH 7 conta ining 0.0025 M calcium acetate (4 ml). 
The lipids were extracted and separated by thin layer 
chromatography using li ght petroleum-diethyl ether-
glacial acetic acid (80:20 : 1 v/v/v) as described in the 
methods section. 
TABLE III 
Phospholipase A activity of total epidermal homogenate 
Lipid fraction 
Fatty acid 
Phosphatidyl choline 
Sphingomyelin? 
Lysophosphatidyl choline 
Others 
Rad ioactiv ity 
(% of t.oUJ I) 
12.5 
77.6 
3.5 
3.9 
2.5 
Total epidermis (200 mg.) was homogeni zed and in -
cubated at 37° for 4 hours with 1 'C-phosphatidyl cho-
line (85 nmole, 150,000 c/100s) in 0.1 M borate pH 7 con-
taining 0.0025 M calcium acetate (4 ml). The lipids were 
extracted and separated by thin layer chromatography 
using CHCl,: MeOH : H20 (65 : 25: 4) as described in the 
methods section. 
TABLE IV 
Distribution of phospholipase A activity in the 
epidermis 
Slice No. 
I 2 3 4 5 6 
Stratum 
corn eum Basal 
gmnular layer 
layer 
Phospholip id hydrolyzed (n-mole/mg. s kin/ 4 hr. ) 
2.85 2.62 1 2.66 1 0.84 1 1.05 0.49 
Jar for both buffer systems, but the phospholipase 
activity was much greater at pH 8.7 than at pH 
7.3. 
Further attempts were made to purify the en-
zyme. Dialysis of an aqueous sodium bicarbonate-
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TABLE V 
Phospholipase A activity in a 0.9% sodium chloride extract of an acetone powder 
Hndioactiv ity (cnunts/ 10{);/ mJ! . prot e in) 
----
Lipid fmct ion Acetone Acetone gxt ruc t in Ex tract in Extract in Ext ruct in Extract in Extract in powder in powder in 
GG pH 7.1 GG pH 8.7 GG pH 7.3 GG pH 8.7 GG pH 8.7 Cn B pH 7.4 CaB pH 8.7 Ca B pH :; 
Unident ified - 20 100 649 543 54 839 756 
Fatty acid 17 385 1,117 6,797 6,321 825 7,583 7, 161 
Phosphatidyl cholin e 7, 1"26 6,738 37,243 31,014 31,597 37,582 30,039 30,545 
Equal volum es of 0.9% sodium chlori de extract and "C-phosphatidyl choline (85 nmole, 150,000 c/100s) in 0.1 ~~~ 
glycylglycine (GG) or 0.1 M borate buffer conta ining 0.0025 M calcium acetate (CaB) in a tota l volu me of 3 ml wer11 
incubated at 37° lo r 4 hours. The acetone powders were incubated in buffer (3 ml). Sodium deoxycholate (2 mg./rnl) 
was added to each incubation mixture. The li pids were extracted and separated by t hin layer chromatography usin~ 
light petroleum-d iethyl ether-glacia l acetic acid (80 : 20 : 1 v/v/v) as described in the methods section. 
TABLE VI 
Purification of phospholipase activity 
Radio ' 
ilCtivitv Amount Specific 
i Tt fre~ of I act ivitv DeJ.!fCL' 
S tU(.:C fatty protein ' countsi of 1mri -
acids (m~.) lOlls / fi c11tion 
\COtmls/ rn~./hr. 
lUlls) 
l. Aceto ne/b utanol / 8,085 29. 1 70 -
ether powder i 
' 2. Sod ium bicarbona te/ 27, 166 5.3 1,282 X 18.3 
glycerol extract 
3. Dialys is against 0.5- 33,484 1.8 4,651 X 3.6 
mM ca lcium ace-
tate 
4. Adjusted to pH 4 6,629 1.6 1,036 + 4.5 
heated at 75° for 5 
minutes 
5. Freeze dried 1,853 1.2 386 ~ 2.7 
The fractions were incubated at 37° for 4 hours with 
"C-phosphatidyl choline (85 nmole, 150,000 c/100s) in 
0.05 M glycylglyc ine pH 8.7 (3 ml) and also in 0.05 M 
borate pH 8.7 conta inin g 0.00125 M ca lcium acetate (3 
ml). Sod ium deoxycholate (2 mg./ml) was added to each 
incubation mixture. The lipids were extracted and sepa-
rated by thin layer chromatography using li ght petro-
leum-d iethyl ether-glac ia l acet ic ac id (80:20: 1 v/v/v) as 
described in .the methods section. 
glycerol extract of an aceton e powder aga inst ca l-
cium acetate solut ion gave a more activ e pre para•-
tio n, but treatment with acid , heating and freeze-
dry ing resul ted in loss of activ ity (Table VI). The 
ca lcium acetate preparation was used to demon -
strate t h e enzymic nature of the act ivity. The pH 
optimum for t he release of free fatty acids was 8.3 
(Fig. 1) a nd t he amount re leased increased with 
t h e t im e of in cubation (Fig. 2) and with th e 
volume of en zyme solut ion used (Fig. 3). 
DISCUSSION 
During t h e process of keratinization, ce lls derived 
from t he basa l layer are con t inua ll y mov in g to-
wards t h e surface of t h e skin. The cells in th e 
basal layer and prickle cell layers are metabo li -
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pH 
F IG. 1. pH Curve for phospholipase act ivi ty. Equal 
volumes of the enzy me preparation in 0.5 mM calciutn 
acetate and "C-phosphatidyl choline (85 nmole, 150,000 
c/lOOs) in 0.1 M borate or acetate buffer in a total 
volume of 3 ml were incubated at 37° for 4 hours. So-
dium deoxycholate (2 mg/ml) was added to each incuba-
tion mixture. The li pids were extracted and separated 
by t hin laye r chromatography usin g li ght petroleum -di-
ethyl ether-glac ial acetic acid (80: 20:1 v/v/v) as de-
scribed in the methods section. 
ca lly act ive a nd capab le of proli feration. In the 
granular layer, d egen e rat ion of t h e nucleus and 
internal membranes of t h e cell com men ces until 
in t h e stratum co rn eum only keratin fo rmed 
within t he cell a nd t h e ou ter cell membrane re-
main. Lipids a nd , in particular, phospholipids are 
essen t ia l constituen ts of cell membra nes a nd are 
t h erefore involved in ke rat ini zat ion . The fol-
lowing hypothes is was s uggested as a possible 
biochem ica l ex pl a nation of keratinization. 
The cells of th e epiderm is d erive t h eir s upply 
of en ergy from glucose, which diffuses from the 
capil la ry-blood vessels in the dermis. A con cen-
t ration grad ien t of glucose s hould t he refore exist 
in t he epidermis varying from high levels in the 
basal layer to lower levels in the upper layers. 
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FIG. 2. Time curve for phospholipase act ivity. Equal 
volumes of the enzy me preparat ion in 0.5 mM calcium 
acetate and " C- phosphat idyl choline (85 nmole, 150,000 
c/lOOs) in 0.1 M borate buffer pH 8.7 conta ining 0.0025 
M calcium acetate in a tota l volume of 3 ml were incu-
bated at 37° . Sod ium deoxycholate (2 mg/ml) was 
add ed to each incubat ion mixture. The lipids were ex-
tracted and separated by thin layer chromatography 
using li ght petrol eum -di ethyl ether-glacial acet ic acid 
(80:20: 1 v/v/v) as desc rib ed in the methods section. 
{ 
....... 
20 
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FIG. 3. Enzyme concentration curve for phospholi -
pase act ivity. The enzy me preparation in 0.5 mM ca l-
cium acetate (total volume 2.5 ml) was mixed with ' "'C-
phosphatidyl choline (85 nmole, 150,000 c/100s) in an 
equal volume of 0.1 M borate buffer pH 8.7 containing 
0.0025 M ca lcium acetate and incubated at 37° for 4 
hours. Sodium deoxycholate (2 mg/ml) was added to 
each incubat ion mixture. The lipids were extrac ted and 
separated by thin layer chromatography usi ng light pe-
t roleum-diethyl ether-glacial acet ic ac id (80: 20: 1 v/v/v) 
as described in the methods section. 
When a critical glucose concentration is reached , 
t he cell s are no lo n ge r vi a bl e, kerat ini zat ion 
commen ces and the cells use as substrate fatty 
acids whi ch a re d eri ved from catabo lis m of t he 
phospho lipids. 
Eviden ce for this hypothes is has been accumu-
lated. Studi es on t he res piration of skin sli ces 
have shown t hat fatty acid is an endogenous sub-
strate of s kin (11, 12) a nd t hat ski n cells cul tured 
in m edium, without a d ded glucose, degrade en -
dogenous phospholipid (10, 13). These in vitro 
ex pe rime nts ha ve been related to the in vivo s itu-
ation by the de mon strat ion of the ex istence of a 
concen trat ion grad ien t of glucose in cow snout 
epidermis a nd by t h e poss ible correlation between 
the glucose concentrat ion a nd the decrease in 
phos pho li pid con ten t which occurs towards t he 
skin surface (14). M ore direc t ev idence for the 
catabolis m of phospholipids has now been pro-
v ided by t he demonstra t ion of phos pholipase A 
activi ty in the epidermis, and by the finding that 
th e activity is higher in the upper layers of t he 
epidermis . 
The pH opt imum for t he phospholipase A ac-
tivity of cow snout epidermis (pH 8.3) was s imilar 
to that of huma n pancreas (pH 9.0) (15) . The 
phospholipases from other sources us ua lly have 
pH optimum less than pH 7.0. Thus, extracts of 
acetone powders from rat cerebrum con ta ined 
ph os pholipase A, with optimum activity at pH 
4.2, and phos pholipase A 2 with optimum activity 
at pH 5.5 (16). The epiderma l enzy me was a lso 
similar to that of the pancreas (15) in that ex-
tracts prepared fro m the aceto ne powders were 
on ly s ignificantly active in the presence of so -
diurri deoxycholate. 
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